Abstract. The purpose of the current study was to identify novel mutations in the FRMD7 (FERM domain containing 7) gene and to characterize clinical features in Chinese patients with congenital motor nystagmus. For this purpose, 18 patients with congenital motor nystagmus were selected from the ocular genetic diseases bank of the Pediatric and
Introduction
Congenital nystagmus (CN) is a group of hereditary eye diseases, although the cause of the diseases has yet to be elucidated. It can be divided into sensory defective nystagmus and motor defective nystagmus according to its etiology. Sensory defective nystagmus can be originated from insufficiency image stimulus of macular region induced by the disease of anterior visual pathway, or the function loss of the fovea induced by organic diseases of macula, retina or optic nerve (1, 2) . Usually, sensory defective nystagmus can occur in a variety of diseases, such as congenital cataracts, aniridia, Peters' anomaly, oculocutaneous albinism, achromatopsia, cone rod dystrophy, macular defects, congenital stationary night blindness, Leber congenital amaurosis and optic nerve hypoplasia (1, 2) . Motor defective nystagmus may be originated from the central nervous system or the abnormal pathway controlling the eye movements. Patients with motor defective nystagmus don't have other ocular abnormalities (3, 4) . Congenital motor nystagmus (CMN), also known as congenital idiopathic nystagmus, is an isolated form of nystagmus, consisting of involuntary oscillations of the eyes. It is characterized by an absence of other ocular pathologies. A variety of genetic modes, such as autosomal dominant, autosomal recessive and X linked, have been proven to be associated with CMN (5) (6) (7) (8) .
In 1999, two X-linked CMN loci were reported, demonstrating that this form of inheritance is also genetically heterogeneous with a locus for X-linked irregularly dominant CMN, as reported by Kerrison et al (9) at Xq26-q27 (NYS1) and by Cabot et al (10) at Xp11.4-p11.3.8.
However, only one gene has been identified to be associated with X-linked CMN. In 2006, Tarpey et al (4) first identified nystagmus-causing mutations in the FRMD7 gene within the Xq26-q27 interval. In the present study, FRMD7 mutation analysis and detailed clinical evaluation were performed to identify novel mutations and characterize new clinical features of the Chinese population with CMN.
Materials and methods
Patients and clinical data. The patients presenting CMN were referred to the Pediatric and Genetic Clinic in the Eye Determination of changes in genetic information. The nucleotide sequences containing base variation and the standard sequences from NCBI human genome database were inputted into the MapDraw program of the Lasergene package to identify the impact of amino acid coding. Protein sequences of different species were identified from the NCBI website and entered into the MegAlign program of the Lasergene package, in order to compare the protein sequences of different species and estimate the conservation of mutation sites in the ClustalW program. The differences in amino acid changes and the possible pathogenicity of the mutation were evaluated through the Blosum 62 (http://www. uky.edu/Classes/BIO/520/BIO520WWW/blosum62.htm) and PolyPhen (http://genetics.bwh.harvard.edu/pph/) (11) analytical programs respectively.
Heteroduplex single-strand conformation polymorphism (SSCP) analysis. The variations detected in the gene
were further evaluated in 96 normal controls (informed consent, in accordance with the Declaration of Helsinki, was obtained from the participating individuals before the study) by using heteroduplex-SSCP analysis as previously described in literature (12) (13) (14) . DNA fragments of mutation sites were PCR-amplified according to Table I . PCR products were mixed with an equal volume of gel-loading buffer (95% formamide, 20 mM EDTA and 0.05% bromophenol blue, 0.05% xylene cyanol) and denatured at 95˚C for 5 min and immediately placed on ice for 5 min. The samples were loaded directly onto 8% polyacrylamide gels and run 8 h at room temperature at 40 W in a solution of 0.5X TBE (Takara Bio, Inc.).
Results
In 8 patients with CMN, there were 7 FRMD7 gene mutations (6 new Fig. 2 ). The mutation identified in the present study resulted in a change at the protein level with a residue substitution weight by Blosum 62, and a 'probable damaging' effect identified by PolyPhen (Table II) . The conservation of the protein in this position was identified by analyzing seven orthologs from different mammalian species (Fig. 3) . These mutations were also investigated in 96 unaffected control individuals (Fig. 4) by heteroduplex-SSCP, but none were identified.
In the current study, all patients with idiopathic nystagmus were male. Nystagmus usually manifests as a midrange decline in visual acuity. The uncorrected visual acuity ranged from 0.1 to 0.4 and corrected visual acuity ranged from 0.4 to 0.9 (Table III) . The results of customary slit lamp and fundus examinations were normal.
Discussion
CMN is an ocular motor disorder characterized by involuntary oscillation of the eyes that occurs in the first 6 months of life. It is speculated that the disease may be associated with the abnormal development of senior center monitoring the abnormal eye movements and eye gazing. The prevalence of CMN in the population is estimated to be 24 per 10,000 (15) . It is known to be genetically heterogeneous as autosomal dominant, autosomal recessive and X-linked patterns of inheritance. X-linked inheritance with incomplete penetrance is the most common form (4) (5) (6) (7) (8) . However, the majority of patients of CMN are sporadic cases.
Until now, FRMD7 is the only one gene that has been identified for X-linked CMN. It was demonstrated that FRMD7 expression is spatially and temporally regulated in the developing human embryonic cortex. FRMD7 is expressed in most adult human tissues, and has been detected in the developing neuroretina and regions of the embryonic brain known to control eye movement (16) . FRMD7 consists of 12 exons and encodes a polypeptide with 714 residues polypeptide, spanning approximately ~51 kb on chromosome Xq26-q27. The FRMD7 protein has B41, FERM-N, FERM-M and FERM-C domains. The conserved domains are at the B41 and FERM-C domains. The B41 domain is located between residues 1-192, and the FERM-C domain is located between residues 186-279.
Many mutations in FRMD7 have been reported in Chinese families with CMN. In the current study, the authors attempted to identify FRMD7 mutations and investigate the clinical phenotype of sporadic cases with CMN in the Chinese population. In the present study, there were seven FRMD7 gene mutations, six of which 6 gene mutations are newly-identified in 7 patients with CMN. The screening rate is was 38.89%, which is consistent with the previous studies (17, 18) . Through the MegAlign program, the protein sequences of different species were compared and mutation sites were identified (p.I158N, p.I202N, p.A194S and p.C271S), possessing relative conservation. Though further analysis of missense mutations, it was demonstrated that mutations of p.I158N, p.I202N and p.C271S mutations are possibly damaging with scores ranging from 0.997 to 0.998. The mutation of p.A194S is was benign, but with a score of 0.993.
FRMD7 is highly expressed in regions of the developing brain that are involved in oculomotor control, as well as in the retina (16) . FRMD7 may serve a role in development of the oculomotor neural circuitry, previous studies indicate that nystagmus-associated mutations in the FERM and FA domains are likely to be critical to FRMD7 function (19) (20) .
The mutation site of p.Y498X is in the FERM-adjacent (FA) domain. FA is identified in a subset of FERM domain proteins, and which has been indicated to regulate protein function through modifications such as phosphorylation (21) .
In summary, CMN is a genetically heterogeneous ocular movement disease. The presented result expands the mutation spectrum of FRMD7 and provides evidence for future functional studies, clinical diagnosis, differential diagnosis and genetic counseling. In conclusion, these results enriched the gene mutation spectrum of FRMD7. The authors systematically investigated the clinical phenotype of congenital motor nystagmus in the Chinese population, and provided further evidence for clinical diagnosis and differential diagnosis and genetic counseling. 
